ABSTRACT BACKGROUND: Obesity and abdominal obesity are associated independently with morbidity and mortality. Physical activity attenuates these risks. We examined trends in obesity, abdominal obesity, physical activity, and caloric intake in US adults from 1988 to 2010. METHODS: Univariate and multivariate analyses were performed using National Health and Nutrition Examination Survey data. RESULTS: Average body mass index (BMI) increased by 0.37% (95% confidence interval [CI], 0.30-0.44) per year in both women and men. Average waist circumference increased by 0.37% (95% CI, 0.30-0.43) and 0.27% (95% CI, 0.22-0.32) per year in women and men, respectively. The prevalence of obesity and abdominal obesity increased substantially, as did the prevalence of abdominal obesity among overweight adults. Younger women experienced the greatest increases. The proportion of adults who reported no leisure-time physical activity increased from 19.1% (95% CI, 17.3-21.0) to 51.7% (95% CI, 48.9-54.5) in women, and from 11.4% (95% CI, 10.0-12.8) to 43.5% (95% CI, 40.7-46.3) in men. Average daily caloric intake did not change significantly. BMI and waist circumference trends were associated with physical activity level but not caloric intake. The associated changes in adjusted BMIs were 8.3% (95% CI, 6.9-9.6) higher among women and 1.7% (95% CI, 0.68-2.8) higher among men with no leisure-time physical activity compared with those with an ideal level of leisure-time physical activity. CONCLUSIONS: Our analyses highlight important dimensions of the public health problem of obesity, including trends in younger women and in abdominal obesity, and lend support to the emphasis placed on physical activity by the Institute of Medicine.
activity is a key component of weight management. 12 Of the IOM's 5 recommendations to address the national obesity epidemic, the first is to make physical activity an integral and routine part of life. 1 Our aims were to characterize trends in and associations among overweight and obesity, abdominal obesity, physical activity, and caloric intake in US adults in the last 2 decades. We explored trends in the prevalence of abdominal obesity within strata defined by BMI, given the health risks of increased waist circumference independent of BMI, and we explored the relationships between measures of obesity and levels of physical activity and caloric intake.
METHODS

Data Source
We used data from the National Health and Nutrition Examination Survey (NHANES), beginning with NHANES-III (1988) (1989) (1990) (1991) (1992) (1993) (1994) and including the continuous NHANES 2-year survey cycles from 1999-2000 to [2009] [2010] . 14 The samples in each cycle were selected using a stratified, multistage, clustered probability sampling design, described in detail before. 15, 16 
Study Population
All examined participants aged !18 years, except pregnant women, were included. For the caloric intake analyses, only eligible participants who had reliable and complete 24-hour dietary recall data were included. Subgroup analyses were performed for subgroups of self-identified race/ethnicity with sufficiently large samples: non-Hispanic white, nonHispanic black, and Mexican-American. 14 
Definition of Anthropometric Measures
During the examination component of NHANES, height, weight, and waist circumference were measured. On the basis of BMI, individuals were categorized as normal weight (18.5-24 .99 kg/m 2 ), overweight (25.0-29.99 kg/m 2 ), or obese (!30 kg/m 2 ). 8 Abdominal obesity was defined on the basis of a waist circumference of >88 cm for women and >102 cm for men. 8, 17 Definition of Leisure-time Physical Activity Levels Participants were grouped into 3 levels of leisure-time physical activity: ideal, intermediate, and none. This was accomplished by following the methods and definitions of the specific NHANES surveys (Appendix, online).
Definition of Dietary Measures
Total caloric intake per day was estimated on the basis of the total energy intake (kcal, or calories) reported in the first 24-hour recall data set. These data were obtained during the examination component of NHANES by trained dietary interviewers using an automated dietary interview system. 15, 16 
Statistical Analyses
Analyses were performed for all adults and after stratification by gender; predefined age strata of 18 to 39 years, 40 to 64 years, and !65 years; and race/ethnicity. Data from each cycle were considered to be from the midpoint of each period.
To examine trends in BMI, waist circumference, and daily energy intake, we calculated national estimates of age-adjusted averages and 95% confidence intervals (CIs) for each survey cycle. We used linear regression to assess trends in logtransformed BMI, waist circumference, and daily energy intake by including the midpoints of each survey cycle as a continuous variable. To address possible changes in BMI trends over time, we used joinpoint analysis (Appendix, online). 18 The results are expressed as annual percentage change.
To examine trends in the prevalence of obesity and abdominal obesity, and the levels of physical activity, we calculated national estimates of age-adjusted proportions and 95% CIs for each survey cycle. We assessed changes over time using logistic regression analysis by including the midpoints of each survey cycle as a continuous variable. We present odds ratios and 95% CIs reflecting the odds of fulfilling criteria for a specific category in a given year versus the previous year. We performed separate analyses to examine trends in abdominal obesity for overweight and obese adults, defined by BMI.
Analyses stratified by 3 prespecified levels of leisuretime physical activity were performed for trends in the measures of obesity and daily energy intake. To examine the independent effects of physical activity and daily energy intake, we performed multivariate regression analysis with log-transformed BMI and waist circumference as response variables, and year, physical activity level, and daily energy intake as explanatory variables, adjusted for age, age squared, and gender. For sensitivity analyses, we first used only the continuous NHANES data, in which total minutes spent on physical activity can be estimated; and second, we used only data from 1999-2000 to [2005] [2006] , including activity related to transportation and domestic work, because the physical activity questionnaire was consistent in these cycles (Appendix).
CLINICAL SIGNIFICANCE
Average body mass index and waist circumference, obesity and abdominal obesity prevalence, and the population fraction reporting no leisure-time physical activity increased substantially in US adults from 1988 to 2010. Body mass index and waist circumference trends were associated with physical activity level but not daily caloric intake. Although US obesity rates may be stabilizing, our results lend support to the emphasis placed on physical activity in the Institute of Medicine report on obesity.
All analyses were performed with appropriate survey procedures in SAS v9.3 (SAS Institute Inc, Cary, NC). Survey design variables and weight variables were used to account for the complexity of the NHANES survey design with stratification and clustering. Averages and prevalence rates were age-adjusted to the year 2000 US standard population. 19 
RESULTS
Body Mass Index and Obesity
From 1988-1994 to 2009-2010, the average BMI in the United States increased by 0.37% (95% CI, 0.30-0.44) per year in both women and men. Average BMI increased in all age and racial/ethnic groups ( Figure 1 , Table 1 ). The age subgroup with the greatest annual increase was 18-to 39-year-old women ( Table 1) . Joinpoint analyses identified a change in the trend for average BMI only in women, with annual increases of 0.60% (95% CI, 0.50-0.69) from 1991 to 2002, and smaller annual increases of 0.22% (95% CI, 0.11-0.32) from 2002 to 2010. Among women, average BMI was highest among non-Hispanic blacks and lowest among non-Hispanic whites; among men, it was similar across racial/ethnic groups ( Figure 1 34 .6% (95% CI, 31.0-38.1) in men. These increases were associated with decreases in the proportions of normal-weight women and men, and no change in the proportions of overweight women and men ( Table 1) . Compared with the previous year, the odds ratio for being categorized as obese in any given year was 1.026 (95% CI, 1.019-1.033) for women and 1.042 (95% CI, 1.033-1.050) for men. Similar trends were observed in all age groups ( Table 1) . Sex-specific differences between racial/ethnic groups in obesity prevalence paralleled the BMI results ( Table 1 , Appendix Figure 1 [online], Appendix Table 1 [online]).
Waist Circumference and Abdominal Obesity
The average waist circumference increased by 0.37% (95% CI, 0.30-0.44) per year in women and 0.27% (95% CI, 0.22-0.32) per year in men. Increases in average waist circumference were observed in all age and racial/ethnic groups ( Figure 2 , Table 1 ). As with BMI, the subgroup with the greatest annual increase in average waist circumference was 18-to 39-year-old women ( Table 1) . Among women, average waist circumference was largest among non-Hispanic blacks and smallest among non-Hispanic whites; in contrast, among men, it was largest among nonHispanic whites and smallest among non-Hispanic blacks ( Figure 2 , Table 1 , Appendix Table 1 [online]). The changes in average waist circumference were associated with increases in the prevalence of abdominal obesity (Appendix Figure 2 , Table 1 ), from 46.0% (95% CI, 43.9-48.0) to 61.5% (95% CI, 58.8-64.2) in women, and from 29.1% (95% CI, 27.4-30.7) to 42.0% (95% CI, 38.6-45.3) in men. The annual increases were most pronounced in younger persons, but the prevalence of abdominal obesity increased with age ( Table 1) . Sexspecific differences between racial/ethnic groups in abdominal obesity prevalence paralleled the waist circumference results ( Table 1 , Appendix Figure 2 [online], Appendix Table 1 [online]).
Abdominal Obesity by Body Mass Index Category
Among adults categorized as normal weight on the basis of BMI, the prevalence of abdominal obesity increased significantly only in women, from 9.6% (95% CI, 8.1-11.0) to 13.8% (95% CI, 10.1-17.5) (Appendix Table 2 [online]).
Among adults categorized as overweight on the basis of BMI, the prevalence of abdominal obesity increased from 66.1% (95% CI, 62.7-69.4) to 80.8% (95% CI, 78.1-83.5) in women, and from 24.5% (95% CI, 22.1-26.8) to 27.8% (95% CI, 24.3-31.3) in men (Appendix Table 2 , online). Compared with the previous year, the odds ratio for fulfilling criteria for abdominal obesity in a given year was 1.045 (95% CI, 1.032-1.057) for overweight women and 1.017 (95% CI, 1.007-1.027) for overweight men. The majority (>90%) of US adults categorized as obese on the basis of BMI also were categorized as having abdominal obesity (Appendix Table 2 , online). Appendix Table 2 (online) displays the results by age group.
Physical Activity
The proportion of adults who reported no leisure-time physical activity increased from 19.1% (95% CI, 17.3-21.0) to 51.7% (95% CI, 48.9-54.5) in women, and from 11.4% (95% CI, 10.0-12.8) to 43.5% (95% CI, 40.7-46.3) in men. These changes were accompanied by decreases in the proportions of adults who reported intermediate or ideal levels of leisure-time physical activity ( Table 2) . Compared with the previous year, the odds ratio for reporting no leisure-time physical activity in a given year was 1.074 (95% CI, 1.064-1.084) for women and 1.083 (95% CI, 1.071-1.094) for men ( Table 2) . Among both women and men, the proportions reporting no leisure-time physical activity were higher among non-Hispanic blacks and Mexican Americans than among non-Hispanic whites ( Table 2) . Table 2 and Appendix Table 3 (online) display the results by age and race/ethnicity.
Caloric Intake
Average daily caloric intake did not change significantly over time for women or men as a whole or when stratified by race/ethnicity ( Table 2 ). The results differed by age, gender, and leisure-time physical activity level ( Table 3 , Appendix Table 4 [online]). Average daily caloric intake increased significantly for women who reported no leisuretime physical activity and decreased significantly for men who reported an ideal level of leisure-time physical activity ( Table 3) .
Body Mass Index and Obesity by Physical Activity Strata
Average BMI increased in women and men in all 3 strata of leisure-time physical activity (Appendix Table 4 [online]). Increases in average BMI were observed in nearly all age and gender subgroups stratified by leisure-time physical activity (Appendix Table 4 [online]). The prevalence of obesity increased in women and men in all 3 strata of leisure-time physical activity ( Table 3) . Similar patterns were seen across racial/ethnic groups (data not shown).
Waist Circumference and Abdominal Obesity by Physical Activity Strata
Average waist circumference increased over time in women and men in all 3 strata of leisure-time physical activity (Appendix Table 4 [online]). Increases in average waist circumference were observed in nearly all age and gender subgroups stratified by leisure-time physical activity (Appendix Table 4 [online]). The prevalence of abdominal obesity increased in women and men within all strata of leisure-time physical activity ( Table 3) . Similar patterns were seen across racial/ethnic groups (data not shown).
Body Mass Index and Waist Circumference: Associations with Leisure-time Physical Activity and Caloric Intake BMI and waist circumference both increased significantly in women and men after adjusting for leisure-time physical activity, caloric intake, and age. The magnitude of the increases was associated with level of leisure-time physical activity, but not with caloric intake. The associated changes in BMI were 5.5% (95% CI, 4.3-6.7) higher among women with an intermediate level of leisure-time physical activity and 8.3% (95% CI, 6.9-9.6) higher among women with no leisure-time physical activity than among women with an ideal level of leisure-time physical activity. For men, the respective measures were 1.2% (95% CI, 0.15-2.2) higher and 1.7% (95% CI, 0.68-2.8) higher.
The associated changes in waist circumferences were 4.2% (95% CI, 3.3-5.0) higher among women with an intermediate level of leisure-time physical activity and 6.4% (95% CI, 5.4-7.4) higher among women with no leisuretime physical activity than among women with an ideal level of leisure-time physical activity. For men, the respective measures were 2.1% (95% CI, 1.4-2.9) higher and 2.5% (95% CI, 1.7-3.3) higher.
In analyses stratified by race/ethnicity, the associations between increases in BMI and waist circumference and level of leisure-time physical activity were statistically significant for non-Hispanic white women and men, and Mexican American women (Appendix Table 5 [online]). Sensitivity analyses showed similar results (Appendix [online]).
DISCUSSION
Our analyses highlight important dimensions of the public health problem of obesity in the United States. The average BMI, average waist circumference, prevalence of obesity, Table 3 shows results by age/ethnicity.
and prevalence of abdominal obesity increased substantially over the past 2 decades in both women and men. The annual increases in BMI have been most pronounced in younger women, the greatest increases in the prevalence of abdominal obesity have been in younger women and men, and both obesity and abdominal obesity preferentially affected nonHispanic black women. Furthermore, the prevalence of abdominal obesity has increased among normal-weight women and overweight women and men. These changes have occurred in the context of substantial increases in the proportion of adults reporting no leisure-time physical activity, but in the absence of any significant population-level changes in average daily caloric intake. At the population level, we found a significant association between the level of leisure-time physical activity, but not daily caloric intake, and the increases in both BMI and waist circumference. Although the overall trends in obesity in the United States are well appreciated and obesity prevalence may be stabilizing, 5, 6, 20, 21 our analyses highlight troublesome trends in younger adults, in women, and in abdominal obesity prevalence, as well as persistent racial/ethnic disparities. Overall, normal-weight women and overweight women and men have become more "abdominally obese." Given that obesity prevalence increased significantly between 1999 and 2010 in male subjects aged 2 to 19 years, but not in female subjects, 22 it is possible that young adult women may be particularly vulnerable to weight gain. It remains controversial whether overweight alone increases mortality risk, 2 but the trends in abdominal obesity among the overweight are concerning in light of the risks associated with increased waist circumference independent of BMI.
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Our findings do not support the popular notion that the increase in obesity in the United States can be attributed primarily to sustained increases over time in the average daily caloric intake of Americans. 23 We found no evidence that average daily caloric intake has increased over the last 2 decades. Previous analyses have noted increases over longer time periods, 24 but decreases more recently. 25 In contrast, our analyses identified significant associations between the reported level of leisure-time physical activity in the population and all measures of obesity. Other investigators have examined this relationship. 26, 27 Physical inactivity is an independent predictor of mortality. 28 Physical activity can protect against weight gain 29 and attenuates the increased mortality risk associated with obesity. 30, 31 However, an ideal level of physical activity does not by itself ensure a normal weight ( Table 3) .
Our results are based on a series of cross-sectional surveys, and not a prospective cohort study. They do not suggest that caloric intake is not an important determinant of obesity at the level of an individual. A previous analysis of NHANES from 1971-1975 to 1999-2002 reported an increase in food energy density approximately parallel to US obesity prevalence rates. 32 Diet composition may be relevant at the population level, but we found no substantial changes in the daily fat, carbohydrate, and protein intake during our study period (Appendix Table 6 [online]). However, analyses of the major macronutrients do not address specific sources of calories, such as simple sugars, and interactions with genetic risk. 33 The impact of the microbiome on host metabolism is beginning to be explored. 34 Our results should be viewed in the context of existing studies. Studies restricted to more recent time periods suggest that the trends in obesity prevalence in US adults may be stabilizing. 5, 6 Our joinpoint analyses of BMI in women are consistent with these results. Although this is encouraging, the prevalence of obesity remains unacceptably high. 35 Trends in abdominal obesity could reflect in part a birth cohort effect. 36 Some but not all previous studies on physical activity trends have reached conclusions similar to ours. 37 The heterogeneity in results may be due in part to diversity in surveys and study methods.
Study Limitations
The NHANES surveys do not follow a cohort of individuals prospectively, so our reported associations with physical activity must be interpreted with caution. Although height, weight, and waist circumference are measured, caloric intake and physical activity are self-reported, and we analyzed caloric intake on 24-hour recall. Caloric intake may be underreported and physical activity overestimated, 38 but this cannot explain the high rates of no leisure-time physical activity in our study. Changes in survey methodology over time could have affected physical activity estimates. We used cycle midpoints as a continuous variable.
Societal considerations merit discussion. Obesity is a public health problem across racial, ethnic, and socioeconomic groups, 39 but African Americans, Hispanics, those with lesser education, older persons, and some states are affected disproportionally. 40 Despite the trends in overweight and obesity, the rates of self-diagnosis, clinical diagnosis, and weight counseling in primary care have declined. 41, 42 Societal realities, including divergent views about the roles of individuals and government, compound the challenges encountered in the medical setting. 39 The first goal related to physical activity environments proposed by the IOM is to make physical activity an integral and routine part of life. 1 The IOM also recommends transforming messages about physical activity and nutrition, stressing the roles of health care providers, insurers, employers, and schools in promoting health, with physical activity as a major focus. 1 
CONCLUSIONS
Average BMI and waist circumference both increased among US adults from 1988 to 2010. Abdominal obesity, an independent predictor of mortality, has become more prevalent among normal-weight women and overweight women and men. At the population level, we found associations between the reported level of leisure-time physical activity and obesity, but even among adults reporting an ideal level of leisure-time physical activity, obesity prevalence has increased. Although it is encouraging that obesity rates may be stabilizing, our results lend support to the emphasis placed on physical activity in the IOM report on obesity.
APPENDIX DEFINITION OF LEISURE-TIME PHYSICAL ACTIVITY LEVELS
During the home interview component of NHANES, a physical activity questionnaire was administered. In NHANES-III, participants were asked to record the frequency of leisure-time activities in the past month in terms of times per month. Each activity was given an intensity rating, reflecting the ratio of energy expenditure relative to that of the resting metabolic rate in metabolic equivalent of task (MET). In NHANES 1999-2000 to 2005-2006, participants were asked to report the frequency, duration, and level of exertion for each of the reported leisure-time activities in the past month. MET scores were assigned for each activity. From NHANES 2007-2008 onward, participants were asked to report the number of days per week that they engaged in moderate or vigorous leisure-time activities and the duration of these activities per day. The MET score thresholds used to define moderate and vigorous activity were 4 and 8, respectively.
To define the physical activity levels of participants, different approaches were followed for NHANES-III and the continuous NHANES waves, because NHANES-III did not consider duration of the activities. For NHANES-III, based on the MET scores, the intensity of activities was defined as moderate (3-6 METS) or vigorous (>6 METS). An ideal level of physical activity was defined as engaging in moderate activities !5 times per week or in vigorous activities !3 times per week. 1 An intermediate level of physical activity was defined as engaging in at least some leisure-time physical activities without meeting the criteria for the ideal group.
For continuous NHANES surveys, the number of minutes of moderate activity per week and the number of minutes of vigorous activity per week were calculated on the basis of the reported frequency, intensity, and duration of activities. An ideal level of physical activity was defined as !150 minutes per week of moderate activities, !75 minutes per week of vigorous activities, or !150 minutes per week of a combination of moderate and vigorous activities. 2 An intermediate level of physical activity was defined as 1 to 149 minutes per week of moderate activities, 1 to 74 minutes per week of vigorous activities, or 1 to 149 minutes per week of a combination of moderate and vigorous activities.
TRENDS IN BODY MASS INDEX: JOINPOINT ANALYSES
Trends in age-adjusted mean BMI over time were analyzed using Joinpoint Regression Program version 4.0.1 from the National Cancer Institute, 3, 4 as previously used in similar analyses. 5 Joinpoint regression methodology is widely used to identify statistically significant changes in trends. The joinpoint program determines the number of joinpoints (a time point at which the direction or magnitude of trend changes), tests whether the change in the trend is significant by performing permutation tests, and fits a log-linear model to each segment. The specifications set in advance were as follows: The maximum number of joinpoints was set to 1, and the minimum number of observations for a joinpoint from the beginning or end of data series was set to 3. The slope of a line segment is described as the Annual Percentage Change (APC).
SENSITIVITY ANALYSES: EFFECT OF PHYSICAL ACTIVITY ON BODY MASS INDEX AND WAIST CIRCUMFERENCE Methods
To further tease out the effect of physical activity on BMI and waist circumference, we performed a sensitivity analysis using only the continuous NHANES data, in which the number of minutes of participation in physical activity are available. To estimate total minutes spent on physical activity, we calculated intensity-adjusted leisure-time physical activity minutes per week on the basis of the recommendations given in "Physical Activity Guidelines for Americans: Appendix 1" (http://www.health.gov/paguidelines/guidelines/appendix1. aspx), which states that "1 minute of vigorous-intensity activity counts the same as 2 minutes of moderate-intensity activity." The intensity-adjusted total minutes were toptruncated to 1680 minutes/week. We performed the multivariate regression analysis with log-transformed BMI and waist circumference as the response variables, and year, intensity-adjusted leisure-time physical activity minutes per week, and calorie intake as the explanatory variables, and adjusted for age, age squared, and gender. Analyses were performed for all adults and after stratification by gender.
To compare the trends with any physical activity or leisure-time physical activity as an explanatory variable, we performed a subanalysis using only NHANES data from 1999-2000 to 2005-2006 because the physical activity questionnaires were consistent in these survey cycles. Any physical activity includes walking or bicycling for transport, activities around the home or yard information, and leisuretime physical activity.
Results
The results of these sensitivity analyses were similar to the results of the primary analyses. BMI increased significantly over the years in both women (APC, 0.21; 95% CI, 0.03-0.38) and men (APC, 0.35; 95% CI, 0.17-0.53) after adjusting for physical activity, caloric intake, and age. The level of physical activity was associated with the degree of increase in BMI. In contrast, the effect of caloric intake was not significant.
In women, BMI decreased by 0.94% (95% CI, 0.76-1.1) for every 100 minutes/week increase in physical activity. In men, BMI decreased by 0.24% (95% CI, 0.11-0.36) for every 100 minutes/week increase in physical activity.
Waist circumference increased significantly over the years in both women (APC, 0.31; 95% CI, 0.15-0.46) and men (APC, 0.19; 95% CI, 0.06-0.32) after adjusting for physical activity, caloric intake, and age. The level of physical activity was associated with the degree of increase in waist circumference. In contrast, the effect of caloric intake was not significant.
In women, waist circumference decreased by 0.79% (95% CI, 0.66-0.91) for every 100 minutes/week increase in physical activity. In men, waist circumference decreased by 0.32% (95% CI, 0.23-0.42) for every 100 minutes/week increase in physical activity.
In the analyses restricted to NHANES data from 1999-2000 to [2005] [2006] , average BMI, average waist circumference, prevalence of obesity, and prevalence of abdominal obesity all increased significantly only in the subgroup with no physical activity. The trends were comparable with any physical activity or leisure-time physical activity as an explanatory variable.
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